Blackbirds (Turdus merula) and song thrushes (Turdus philomelos) were found to carry 95% of all spirocheteinfected tick larvae among 40 bird species captured in Central Europe. More than 90% of the infections were typed as Borrelia garinii and Borrelia valaisiana. We conclude that thrushes are key players in the maintenance of these spirochete species in this region of Central Europe.
Blackbirds (Turdus merula) and song thrushes (Turdus philomelos) were found to carry 95% of all spirocheteinfected tick larvae among 40 bird species captured in Central Europe. More than 90% of the infections were typed as Borrelia garinii and Borrelia valaisiana. We conclude that thrushes are key players in the maintenance of these spirochete species in this region of Central Europe.
Lyme borreliosis is a tick-transmitted zoonosis caused by spirochete bacteria from the genus Borrelia. This genus comprises 13 named species, and at least 4 of these cause disease in humans, namely, Borrelia burgdorferi, Borrelia spielmanii, Borrelia afzelii, and Borrelia garinii (1, 14) . All known strains of Lyme borreliosis spirochetes are maintained in nature by vertebrate hosts and ixodid ticks, with humans being ecological dead-end hosts.
For Europe, pheasants (Phasianus colchicus), a few seabird species, and some passerine bird species have been shown to be reservoir competent for B. garinii and B. valaisiana but not for B. afzelii, a rodent specialist (4, 5, 6, 7, 13) . However, little is known about the roles of the numerous European woodland bird species in the ecology of Lyme borreliosis spirochetes (2, 13) . Therefore, we captured birds of a wide range of species, many of which are migratory, and determined their importance as hosts to ticks and as reservoirs for Lyme borreliosis spirochetes in selected sites of Central Europe.
Ticks were collected from birds captured in four woodlands in Slovakia (16) during 2001 and 2002 and, in 2003 , at one woodland in the southeastern Czech Republic. Questing adult and nymphal Ixodes ricinus ticks were collected from Slovak sites. Extracted DNA (3) was subjected to nested PCR targeting the 5S-23S intergenic spacer and also, in some cases, the flaB gene of Lyme borreliosis spirochetes (8, 15) . Spirochete infections determined in ticks were assigned to species by the reverse line blot assay (5, 8, 15) or by DNA sequencing.
Risk factors for tick infestation and infection with B. burgdorferi genospecies were investigated in negative binomial and logistic regression models, respectively. Explanatory variables were month, year, site, and bird species. Data from the Czech Republic were excluded because of differences in collection year and bird species range. The level of significance was set at a P value of Ͻ0.05. Because of the poor fit of Poisson regression models, the negative binomial models were used. For detailed statistical methods and results, see the supplemental material.
Tick infestations of birds. Of 529 birds captured (345 and 184 at sites in Slovakia and the Czech Republic, respectively, comprising 40 species of 17 families), 187 (145 in Slovakia and 42 in the Czech Republic) carried I. ricinus (463 and 157 larvae and 375 and 495 nymphs in Slovakia and the Czech Republic, respectively) ( Table 1 ). In Slovakia, blackbirds (Turdus merula), song thrushes (Turdus philomelos), and European robins (Erithacus rubecula) carried 55.6% of all collected I. ricinus ticks. In the Czech Republic, European robins were less common and blackbirds and song thrushes carried 78.8% of I. ricinus ticks. When significant differences in infestation levels among months were accounted for, interspecies differences in tick infestations were found to be highly significant in Slovakia (Table 2) . Five species/ species groups carried significantly more larvae than all other bird species, being, in descending order, song thrushes, blackbirds, wheatears, finches and weaver finches, and tits (Table 2) . Three species/species groups carried significantly more nymphs than other species, being, in descending order, blackbirds, song thrushes, and finches and weaver finches combined ( Table 2) .
Infection of I. ricinus ticks collected from birds. A total of 1,461 I. ricinus ticks (607 larvae and 854 nymphs) derived from 189 birds were tested for infection with Lyme borreliosis spirochetes. One-third of these birds, belonging to nine species, carried infected ticks ( Table 3 ). The overall prevalences of infection in bird-derived larvae and nymphs with spirochetes were 22.4% and 25.3%, respectively. Blackbirds and song thrushes were significantly more likely to carry spirocheteinfected larvae (43.8% and 51.9%, respectively) ( Table 2 ). There was no significant difference among bird species in the prevalence of infection in nymphs.
B. garinii and B. valaisiana were the most frequent genospecies (infecting 50.3% and 43.8%, respectively). No larvae were infected with B. afzelii and B. burgdorferi, but 3.7% and 0.3% of nymphs, respectively, were infected with these species. Mixed infections were detected in 33 ticks, with the most frequent combination being B. garinii and B. valaisiana (87.8%) ( Table 3) .
Most B. garinii-infected larvae (96.5%) and nymphs (86.7%) were collected from song thrushes and blackbirds, which was highly significant at the Slovak sites ( Table 2 ). All B. valaisianainfected larvae and nearly all B. valaisiana-infected nymphs from birds in Slovakia came from song thrushes and blackbirds. There were no significant differences among years, sites, months, or bird species in the prevalence of B. afzelii infection in nymphs collected from the birds. Most of the sequenced untypeable samples (80%) clustered with B. garinii, except for two infections in nymphs from birds that clustered with B. afzelii and one sample with B. valaisiana.
Four species of the Lyme borreliosis group were identified in 914 questing I. ricinus ticks, of which 40.5% were assigned to B. valaisiana, 33% to B. garinii, 23% to B. afzelii, and 2.2% to B. burgdorferi (Table 4) .
Here, we show that among 40 bird species captured in woodlands of Slovakia and the Czech Republic, 2 species of thrushes (i.e., blackbird and song thrush) constitute the core reservoir of B. garinii and B. valaisiana. The comparison of the genospecies richness in tick larvae derived from the birds with that determined for questing nymphs and adults collected at the same sites confirms previous observations that birds are not involved in the maintenance of B. afzelii (6, 8, 9, 10). (50) 29 (6) 23 (6) 6 (5) 6 ( 53 (8) 38 (15) 6 (5) 1 (1) 16 (3) 1 (1) 1 (1) 1 (1) 9 (6) Turdus philomelos (song thrush) L 67/129 (51.9) 11/22 (50) 27 (8) 36 (6) 1 (1) 3 (3) N 51/181 (28.2) 14/22 (63.6)
31 (13) 8 (2) 1 (1) 5 (3) 1 (1) 5 ( (8) 1 (1) 22 (7) 1 (1) 2 (2) 1 (1) 19 ( In some cases, the sum of Borrelia species infections was greater than the number of infected ticks because of mixed infections.
The statistical analyses show that the relative roles of song thrushes and blackbirds as hosts for ticks and reservoirs of B. garinii and B. valaisiana in Slovakia are not due to confounding factors, such as variations among sites and months for the birds captured (see the supplemental material). The data from the Czech Republic could not be included in the statistical analyses, because it differed in terms of times of collection and in the range of species of birds that were captured. However, it also showed that the roles of thrushes and blackbirds as hosts for ticks and reservoirs of B. garinii and B. valaisiana are similar in both countries. Infestation of blackbirds and song thrushes with large numbers of Borrelia-infected tick larvae has also been observed in Asia (11, 12) .
In conclusion, blackbirds and song thrushes (both members of the thrush group) appear to constitute a core functional group among the avian reservoir host community for Lyme borreliosis spirochetes in the region. Thus, the ecology of these two avian species is likely to be key to the eco-epidemiology of B. garinii, the causative agent of borreliosis in Central Europe.
Nucleotide sequence accession numbers. The GenBank accession numbers of the sequences obtained in this study are DQ520861, DQ520872, DQ520863, DQ520871, DQ520870, DQ458997, DQ520865, DQ517433, DQ520862, DQ520864, DQ520869, DQ520866, DQ520868, DQ520867 (5S-23S ribosomal DNA intergenic spacer), DQ490971, DQ490973, DQ490972, DQ490977, DQ490978, DQ490967, DQ490970, DQ490976, DQ490974, DQ490968, DQ490975, and DQ490969 (flaB gene).
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